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(S) Rotary seat member and method for making. 

(57) A rotary seal member, such as a gas turbine 
engine blade, is provided with an improved 
surface layer which has an elastic modulus 
matched with the elastic modulus of a substrate 
of the member. Also, the surface layer does not 
form a brittle intermetallic with the substrate at 
an intended operating temperature. In one 
form, the surface layer includes abrasive parti- 
cles adapted to inhibit chemical reaction with 
the layer material. One specific example is a 
Ti-alloy substrate having a metallurgically bon- 
ded layer based on Nb, and including cubic 
boron nitride abrasive particles coated with 
cobalt entrapped in the layer. 
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This invention relates to rotary seal members in- 
cluding abrasive particles, and, more particularly, to a 
method for making a surface portion of such member 
and the member made thereby. 

5 

BACKGROUND OF THE INVENTION 

The efficiency of gas turbine engines is depend- 
ent >n part, on the ability of engine components to 
confine the motive fluids, such as air and products of 10 
combustion, to intended pathways. Leakage from 
such design fiowpaths can reduce efficiency. Accord- 
ingly, designers of gas turbine engines have reported 
a variety of sealing arrangements to reduce or control 
such leakage. One type of arrangement includes is 
closely spaced, juxtaposed rotary seal members, one 
surface of which is harder than, or more abrasive to, 
the opposing member surface. Upon relative thermal 
expansion of such surfaces, tending to dose the 
space between them into an abrasive or galling con- 20 
dition, the harder surface will remove a portion of the 
opposing surface to approach a "zero clearance 0 con- 
dition. Sometimes the abrading surface includes em- 
bedded abrasive particles. 

One example of such a sealing arrangement is at 25 
the tip portion of a blading member, rotating relative 
to an opposing shroud. Some gas turbine engine com- 
pressors have used titanium alloy blading members 
which, as a result of rubbing on a shroud, have pro- 
duced titanium alloy ignition from heat generated by 30 
friction. Therefore, it Is important, in such an arrange- 
ment, to provide appropriate abrasion to control clear- 
ance yet dissipate friction heat to a point below the ig- . 
nition point of the member surface portions of such a 
seal. Also, it is important to retain abrasive particles, 35 
when used, upon the surface of the abrading member 
by a means which is metallurgically and thermally sta- 
ble to enhance integrity of the arrangement 

SUMMARY OF THE INVENTION 40 

The present invention, in one form, provides a 
substrate of a member of a rotary seal with an im- 
proved surface portion by metallurgically bonding to 
the substrate a layer of specifically selected charac- 45 
teristics: the layer is characterized by having an etas- 
tic modulus matched with that of the substrate; prefer- 
ably it has good oxidation resistance for high temper- 
ature operating conditions; and the layer has a solid 
solubility with the substrate such that brittle interme- so 
tallies are not formed between them at the operating 
temperature. 

In the form in which abrasive particles are includ- 
ed, there is applied to the abrasive particles a metallic 
coating which resists reaction with the layer on the 55 
substrate. The layer is melted to generate a molten 
pool into which the coated abrasive particles are de- 
posited. 
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When abrasive particles are used in the rotary 
sea), the deposition of the abrasive particles can be 
accomplished in two fashions. When the particles 
have significantly lower specific gravity than the mol- 
ten pool, the particles may be deposited directly into 
the pool while stOI molten. The particles will sink and 
become entrapped as the pool solidifies. For particles 
having about the same specific gravity or a higher 
specific gravity than the molten pool, particles are in- 
jected into the pool and entrapped in the pool by sol- 
idification before the particles rise to the surface. One 
method for accomplishing this is by controlling the sol- 
idification rate. One example for controlling the solidi- 
fication rate is by directing suitable carrier gas stream 
at the molten pool. This carrier gas provides velocity 
to the particles and assists in removing heat from the 
solidifying pool. 

The article of the present invention is a member 
of a rotary seal having a substrate to which is metal- 
lurgically bonded a layer of the above described char- 
acteristics. In one form, the layer has entrapped there- 
in the above described coated abrasive particles. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

During the evaluation of titanium alloy gas turbine 
engine compressor blades, of the commercially avail- 
able T1-6AI-4V alloy, to the tips of which had been ap- 
plied abrasive particles, for example, by nickel plating 
entrapment, a loss of resistance to high cycle fatigue 
(HCF) was observed, for example, by at least about 
50% in some cases. The abrasive particles selected 
for this extensive evaluation were carbides, Al 2 0 3 and 
cubic boron nitride (CBN) applied to the blade tip 
through bond coats primarily based on Ni or Cu. In- 
cluded in this evaluation were blade tips which were 
uncoated, coated with various layers without abrasive 
particles applied in various state-of-the-art methods, 
and bond coats into which were disposed the abrasive 
particles. The effect of subsequent heat treatment 
also was evaluated. It was concluded from this eval- 
uation that loss of HCF strength was based primarily 
on the physical and metallurgical relationship be- 
tween the substrate titanium alloy and the bonding 
layer into which the abrasive particles can be dis- 
posed, if desired for a particular application. More 
specifically, it was recognized that the elastic modulus 
of the bonding layer be matched with that of the sub- 
strate. Herein, the above term "matched 0 in respect to 
elastic moduli! is intended to mean that the differential 
between them is insufficient to cause stresses at the 
interface great enough to initiate cracking at the inter- 
face. 

In addition, it was observed that some bond lay- 
ers have a solid solubility with the substrate, at least 
at the intended operating temperature of the article, 
which generates brittle intermetallics, for example as 
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observed on an appropriate phase diagram. There- 
fore, another aspect of the present invention is the se- 
lection of a bonding layer which does not form such 
brittle intenmetallics. 

The present invention combines the critical fea- s 
hires of providing, on a substrate, a layer which has 
an elastic modulus matched with that of the substrate 
and which will not form brittle interme tallies with the 
substrate. Further, for application in strenuous oxidiz- 
ing environments, such as are found in portions of gas 10 
turbine engines, the layer is characterized by good ox- 
idation resistance. Such a layer, if harder than an op- 
posing rotary seal surface, can be used alone. How- 
ever, frequently it is more desirable to entrap abrasive 
particles within the layer. is 

In one example of the present invention, tips of a 
series of gas turbine engine compressor blades of the 
above mentioned, commercially available "R-6AI-4V 
alloy were prepared. The modulus of elasticity of such 
titanium alloy is low, about 1 6 x 1 0 6 psi . To match such 20 
a modulus of elasticity, a layer of Nb was applied to a 
thickness of at least about 0.002°, and predominantly 
in the range of about 0.010-0.030", to enable subse- 
quent abrasive particle disposition. Nb was selected 
as one preferred form of the present invention be- 25 
cause its elastic modulus of about 15 x 10° psi is 
matched with that of the titanium alloy substrate. Also, 
it does not form brittle intenmetallics, as observed from 
the relative solid solubility on a phase diagram be- 
tween Ti and Nb, and it has good oxidation resistance 30 
at the intended operating temperature, for example 
from about 500°F to about 1400°F. 

Ater cleaning a machined Ti-alloy blade tip, the 
Nb layer was applied using -60 mesh Nb powder and 
a 5KW CW C0 2 laser beam operated at 2-3 KW in ar- 35 
gon gas by the method known commercially as laser 
cladding. This provided both a metallurgical bond be- 
tween the Nb layer and the Ti-alloy substrate and a 
good interface between such portions. One form of 
such a method is described in U.S. Patent 4,743,733 AO 
- Mehta et al, patented May 10, 1988, the disclosure 
of which is hereby incorporated herein by reference. 

This combination of substrate and bonded layer 
showed only about a 25% HCF reduction, rather than 
a 50% HCF reduction with other combinations, as 45 
compared with a base line HCF strength for bare TV 
6AI-4V alloy. Testing was conducted primarily at room 
temperature, with some testing in the evaluation con- 
ducted at 700°F. 

In other evaluations, an Ag-base brazing alloy so 
was substituted for Nb as the layer on the substrate 
because its elastic modulus of about 101014x10* psi 
is matched with that of the Tnalloy substrate. Aso, it 
does not form brittle intermetallics with Ti, as applied. 
The Ag alloy was applied by laser plasma. Room tern- 55 
perature HCF testing showed the same favorable 
HCF strength as with Nb. Although for certain high 
temperature applications, Ag alloys do not have the 



desired oxidation resistance, they can be used ac- 
cording to the present invention where its oxidation re- 
sistance is acceptable under intended operating con- 
ditions- 

As was mentioned above, one of the important 
features of the present invention is that the layer dis- 
posed on the substrate have an elastic modulus 
matched with that of the substrate. Metals having val- 
ues of elastic modulus between about 10x10° psi to 
about 20x10 s psi are typically suitable. In addition to 
the Nb or Ag- alloy based systems described above, 
such elements as Zr, Hf, Au, Pd, V and Cu and other 
elements and their combinations having an elastic 
modulus matching that of the substrate could also be 
used. 

In one example in which abrasive particles were 
entrapped within the layer disposed on the substrate, 
abrasive particles in the size range of about 100-120 
microns of cubic boron nitride (CBN) were used. Such 
particles are commercially available as Borazon abra- 
sive particles. In one form of the present invention, 
there was applied to the particles a coating which re- 
sists reaction with the layer on the substrate, for ex- 
ample it has poor solubility with such layer and does 
not dissolve detrimentally therein. In this example, the 
CBN particles were coated with Co by the commer- 
cially available chemical vapor deposition (CVD) 
method to a thickness which increased the weight of 
the particles by about 50 wt%. 

After a Ti-6AI-4V alloy compressor blade was 
prepared with a Nb layer as described above, the Nb 
layer was remelted with a C0 2 laser to form a molten 
pool region on the blade tip. The Co-coated CBN par- 
ticles were deposited into the molten pool, for exam- 
ple by the method described in the above incorporat- 
ed US Patent 4,743,733 - Mehta, et al. tn another ex- 
ample, the Nb was first melted on the Ti-alloy sub- 
strate and the abrasive particles were deposited in 
that molten pool downstream of the laser beam. 

The CBN particles, having a lower specific gravity 
than the molten Nb pool, were injected by an inert gas 
stream having a sufficient velocity to cause the im- 
mersion of the particles in the molten pool to a con- 
trolled depth before solidification. Rapid solidifica- 
tion then caused the particles to become entrapped. 

In one embodiment there was provided a titanium 
alloy compressor blade including a tip portion with Co- 
coated CBN abrasive particles entrapped by a Nb lay- 
er which was bonded to the titanium alloy substrate. 
Such a blade is characterized by having a stable, ox- 
idation resistant abrasive blade tip. Importantly, the 
tip has thermal characteristics providing good heat 
dissipation and resistance to the initiation of ignition 
of the titanium alloy substrate resulting from rubbing 
in a rotary seal interference condition. CBN abrasive 
particles, as well as diamonds, are specifically prefer- 
red in this relationship because they generate less 
heat than other abrasive particles, such as Al 2 0 3 and 
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carbides of Si, W and B. In addition, CBN and dia- 
monds have superior cutting ability. 

To demonstrate the unexpected advantages of 
the combination of the present invention (matched 
elastic moduli i and no detrimental intermetallics in re- 5 
spect to the substrate layer and coated abrasive par- 
ticles, as described above), uncoated CBN particles 
were applied to the prepared blade tip of a TV6AI.-4V 
alloy blade. Application was accomplished by nickel 
entrapment electrodeposition, for example as descri- 10 
bed in U.S. Patent 4,608, 128 - Farmer, et at, patented 
August 26, 1986, the disclosure of which is hereby in- 
corporated herein by reference. Standard room tem- 
perature HCF tests showed blade strength HCF loss- 
es of about 50% compared with bare shot peened is 
blade tips. Similar tests on the combination of the 
present invention showed half of such losses. 

P hotomicrographic studies of the N b layer on the 
Ti-alloy substrate showed the Nb to be metallurgically 
bonded .with the substrate. The concentration of the 20 
Nb decreased as it approached the substrate showing 
a graded layer including Ti and small fractions of Al 
and V. Optical photographs showed no disintegration 
of the coated CBN particles and no chemical reaction 
between the particles and the matrix layer of Nb. The 25 
particles were well distributed inside the melt pool re- 
gion. 

Parallel testing using Al 2 0 3 particles instead of 
CBN showed a severe reaction zone between the 
Al 2 0 3 abrasive particles and the melted Nb. This em- 30 
phasizes one feature of that form of the present inven- 
tion of either selecting particles which do not react 
chemically with the layer, or coating the particles with 
a material which inhibits such reaction. In this way, 
other abrasive particles such as oxides, carbides and 35 
nitrides could be used in selected application accord- 
ing to the combination of the present invention if they 
are adapted to inhibit chemical reaction. 

Although, this invention has been described in 
connection with specific examples and embodiments, 40 
they have been presented as typical rather than lim- 
itations on the present invention, the appended 
claims are intended to cover a variety of arrange- 
ments embodying the combination of the present in- 
vention. 45 



Claims 

1 . A method for providing a substrate for a member 50 
of a rotary seal with an improved surface layer, 
the substrate having a first elastic modulus, com- 
prising the steps of: 

selecting a layer material which has: 

i) a second elastic modulus matched with the 55 
first elastic modulus, and 

ii) a solid solubility with the substrate which 
does not form a brittle intermetailic with the 



substrate at an intended operating tempera- 
ture; and, 

metallurgically bonding the layer material 
to the substrate. 

2. The method of daim 1 in which the layer is based 
on an element selected from the group consisting 
of Nb,Zr, Hf and V. - 

3. The method of claim 1 in which the layer is based 
on an element selected from the group consisting 
of Au, Pd, Ag and Cu. 

4. The method of claim 1 in which: 

the substrate is an alloy based on titanium; 

and 

the layer is based on Nb. 

5. The method of claim 2 in which the layer has a 
thickness in the range of about 0.002-0.03*. 

6. A method of providing a substrate of a member of 
a rotary seal with an improved surface layer in- 
cluding abrasive particles, the substrate having a 
first elastic modulus, comprising the steps of: 

selecting a layer material which has: 

i) a second elastic modulus matched with the 
first elastic modulus, and 

ii) a solid solubility with the substrate which 
does not form a brittle intermetailic with the 
substrate at an intended operating tempera- 
ture; 

selecting abrasive particles which are 
adapted to inhibit chemical reaction with the layer 
material; 

melting the layer to generate a molten pool 
on the substrate; 

depositing the abrasive particles in the 
molten pool; and then 

allowing the molten pool to solidify about 
the abrasive particles. 

7. The method of claim 6 in which the layer is based 
on an element selected from the group consisting 
ofNb, V.Zr, and Hf. 

8. The method of claim 6 in which the layer is based 
on an element selected from the group consisting 
of Au, Pd, Cu and Ag. 

9. The method of daim 6 in which: 

the substrate is an alloy based on Ti; 
the layer is based on Nb; arid 
the abrasive particles are cubic boron nitr- 
ide coated with Co. 

10. A member of a rotary seal having a surface layer 
metallurgically bonded to the substrate, the sub- 



4 



7 



EP 0 509 758 A1 



strate and the layer each having an elastic mod- 
ulus matched one to the other. 

11. The member of claim 10 in which the surface lay- 
er is based on an element selected from the group 5 
consisting of Nb, V, Hf and Zr. 

12. The member of claim 10 in which the surface lay- 
er is based on an element selected from the group 
consisting of Au, Pd, Ag and Cu. 10 

13. The member of daim 10 in which: 

the surface layer is based on Nb; and 
the substrate is an alloy based on Ti. 

15 

14. The member of claim 10 having abrasive particles 
entrapped in the surface layer, the abrasive par- 
ticles being adapted to inhibit chemical reaction 
with the layer. 

20 

15. The member of claim 14 in which the particles are . 
cubic boron nitride coated with cobalt 

16. A gas turbine engine blading member adapted to 
operate in a rotary seal arrangement, the member 25 
having at its tip substrate a surface layer metal- 
lurgically bonded to the substrate, the substrate 

and the layer each having an elastic modulus 
matched to the other. 

30 

17. The blading member of claim 16 in which: 

the surface layer is based on Nb; and 
the substrate is an alloy based on Ti. 

1 8. The blading member of claim 1 7 having abrasive 35 
particles entrapped in the surface layer, the abra- 
sive particles being adapted to inhibit chemical 
reaction with the layer. 

19. The member of claim 18 in which the abrasive 40 
particles are cubic boron nitride coated with co- 
balt 
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